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METHOD FOR FABRICATING SEMICONDUCTOR PACKAGE AND 

SEMICONDUCTOR PACKAGE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[1] The present invention relates to a seiniconductor package and a fabrication 
method thereof. 

2. Background of the Related Art 

[2] A multi-layer substrate can be used for semiconductor packages, such as a PPGA 
PKG (Plastic Pin Grid Assay Package), a PB.GA PKG (Plastic Ball Grid Array Package), a 
PLGA PKG (Plastic Pin Land Grid Array Package), or the like. The multi-layer substrate is 
often formed such that a substrate with a certain circuit pattern is insulatedly laminated to 
multiple layers and the laminated substrates are electrically connected between circijit patterns 
of each substrate by a through hole. 

[3] For example, a method for fabricating a laminated multi-layer substrate to 
fabricate a semiconductor package is disclosed in Japanese Patent Publication No. 10-223800 
(U.S. Patent No. 6,074,567). In this method, an inner circuit board having an opening is formed 
at a central portion and a bonding portion-is formed adjacent to the opening to attach a gold 
wire connected to a semiconductor chip. After a cavity is formed by the opening by staking the 
inner circuit boards, an outer circuit board is laminated at an outermost layer to seal the. cavity 
of the laminated inner circuit board. 



[4] Thereafter, a through bore is formed in the laminated body, which is fabricated 
as described above, an electroless-plated copper coating film and an electrolysis-plated copper 
coating film are formed at an inner side of the through bore, and a first plate nickel coating film 
is formed. At this time, since the bonding portion of the inner circuit board is covered with the 
outer circuit board, plating is not made thereon. 

[5] In this state, a circuit pattern forming process is performed by etching the 
laminated body, then coating a solder resist (S/R) diereon. Next, a certain portion of the outer 
circuit board corresponding to the opening of the inner circuit board is removed by a device, 
such as a router, to expose the cavity and the bonding portion. Finally, a plated nickel/gold 
coating film is formed at the bonding portion and at the through bore, thereby forming a 
through hole. 

[6] However, such a fabrication method makes it difficult to mechanically process. 
Additionally, previously formed circuit patterns are often damaged in this process due to impacts 
or other effects occurring during the process. Also, the plated nickel/gold coating layer is 
unnecessarily formed at the through hole. 

[7] In an effort to solve such problems, a second method has been tried. First, each 
substrate is laminated to form a cavity by upwardly opening the semiconductor package with an 
organic substance filled inside the cavity. Next, a through hole- is formed, patterning is 
performed thereon, and the organic substance is removed. Finally, the lowermost substrate is 
processed, whereby die through hole is formed while bonding pads inside, the cavity are 
protected. 



[8] However, also in this metiiod, the lowermost substrate is subjected to processing 
and this method does not completely remove the organic substances filled in the cavity. Thus, 
since the organic substrates remaining in the cavity works as a foreign material when the 
nickel/gold coating layer is formed at die bonding portion, it deteriorates the quality of a 
semiconductor package. 

SUMMARY OF THE INVENTION 

[9] An object of the invention is to solve at least the above problems and/or 
disadvantages and to provide at least the advantages described hereinafter. 

[1 0] To achieve at least the above objects in whole or in parts and in accordance with 
the purpose of the invention, as embodied and broadly described herein, a method for 
fabricating a semiconductor package including forming a plurality of patterns formed plates, 
wherein each pattern formed plate is formed by forming first plated copper layers on upper and 
lower surfaces of an insulation substrate, forming a pattern in the first plated copper layers 
formed at upper and lower surfaces of the insulation substrate, and forming an opening by 
removing a central portion of tiie insulation substrate with die first plated copper pattern formed 
thereon, forming a bonding pad pattern around the opening of at least one of the pattern formed 
plates, and forming a first coating layer with a non-copper metal material on the bonding pad 
pattern, forming a laminated body by laminating die plurality of pattern formed plates to each 
other, forming a second plated copper layer by fomiing a dirough bore in die laminated body 
and forming a second copper plating on the through bore and the first coating layer, and 



forming a bonding pad by removing the second plated copper layeir formed on the first coating 
layer, and forming a second coating layer with a non-copper metal material on the first coating 
layer. 

[11] To farther achieve at least the above objects in whole or in parts and in 
accordance with the pxarpose of the invention, as embodied and broadly described herein, a 
method for fabricating a semiconductor package, including forming a plated copper pattern 
formed plate by forming a first plated copper layer on upper and lower surfaces of a first 
insulation substrate, forming a pattern on first plated copper formed at the upper and lower 
surfaces of the first insulation substrate, and forming an opening by removing a central portion 
of the first insulation substrate with the first plated copper pattern formed thereon, forming an 
inner circuit pattern formed plate by forming a second plated copper pattern on an upper surface 
or a lower surface of a second insulation substrate, forming a third plated copper layer on a 
•second plated copper, and forming an opening by removing a central portion of the second 
insulation substrate with the second plated copper pattern and the third plated copper formed 
thereon, forming a lower circuit pattern formed by forming a fourth plated copper pattern on 
an upper surface or a lower surface of a third insulation substcate, forming a fifth plated copper 
layer on the fourth plated copper, forming an opening by removing a central portion of the third 
insulation substrate with the fourth plated copper pattern and the fifdi plated copper formed 
thereon, forming a bonding pad by forming a first nickel/gold plating layer around the opening 
of the inner circuit pattern formed plate arid the lower circuit pattern formed plate, forming a 
laminated body by laminating the plated copper pattern formed plate onto the inner circuit 



pattern formed plate and the inner circuit pattern formed plate onto the lower circuit pattern 
formed plate using bonding sheets and sequentially attaching the formed plates, forming a 
through bore in the laminated body, forming a sixth plated copper layer on an inner 
circumferential surface of the through bore, the surface of the laminated body and the first 
nickel/gold plating layer, removing the sixth plated copper layer formed on die first nickel/gold 
plating layer of the laminated body, forming an outer circuit pattern by patterning a plated 
copper formed with the sixth plated copper layer formed thereon, and forming a second 
nickel/ gold plating layer on the first nickel/gold plating layer of the laminated body and at a 
predetermined portion of the outer circuit pattern formed at an upper surface of the laminated 
body to form a bonding pad and a ball pad, respectively. 

[12] To further achieve at least the above objects in whole or in parts and in 
accordance with the purpose of the invention, as embodied and broadly descnbed herein, a 
method for fabricating a semiconductor package, including forming a plurality of circuit patterns, 
forming a cavity in a central portion of each . of the plurality of circuit patterns, mounting a 
semiconductor chip within the cavity, and forming a bonding pad circuit pattern to be connected 
to the semiconductor within the cavity, wherein a first coating layer is formed with a non-copper 
metal material at the bonding pad circuit pattern and a copper plating is formed on the first 
coating layer. . 

[13] To fiirther achieve at least the above objects in whole or in parts- and in 
accordance with the purpose of the invention, as embodied and broadly described herein^ a 
method for fabricating a semiconductor package, including fortning a plurality of patterns 



formed plates, wherein each pattern formed plate is formed by forming first plated copper layers 
on upper and lower sxirfaces of an insuladon substrate, forming a pattern in the first plated 
copper layers formed at upper and lower surfaces of the insulation substrate, and forming an 
opening by removing a central portion of the -insulation substrate with the first plated copper 
pattern formed thereon, forming a bonding pad pattern around the opening of at least one of 
the pattern formed plates, forming a first coating layer with a non-copper metal material on the 
bonding pad pattern, forming a laminated body by laminating the plurality of pattern formed 
plates to one another, wherein the openings of the plurality of patterns formed plates are aligned 
to form a cavity, forming a through bore through the laminated body, forming a second plated 
copper layer on the through bore and the first coating layer, removing the second plated copper 
layer formed on the first coating layer, forming a second coating layer with a non-copper metal 
material on the first coating layer, thereby forming a bonding pad, mounting a semiconductor 
chip in the cavity, connecting the semiconductor chip and the bonding pad by a connection line, 
and filling the cavity with a filler. 

[14] To further achieve at least the above objects in whole or in parts and in 
accordance with the purpose of the invention, as embodied and broadly described herein, a 
method of forming a semiconductor package, including forming a plurality of plates, wherein 
each plate is formed by coating a first coating on a substrate, and forming an opening in a central 
portion of the substrate with the first coating thereonj forming a bonding pad pattern on at least 
one of the plurality of plates, wherein a second coating is coated onto the bonding pad pattern, 



forming a body by stacking the plurality of plates, forming a through bore in the body, and 
coating the through bore with a third coating. 

[15] To further achieve at least the above objects in whole or in parts and in 
accordance with the purpose of the invention, as embodied and broadly described herein, a 
semiconductor package, including a laminated body, including a plurality of plates laminated 
into a body, wherein each plate comprises a substrate, a first coating and an opening, a bonding 
pad on at least one of the plurality of plates, wherein the bonding pad comprises a metal layer, 
and a through bore in the laminated body with a second coating therein, a heat sink attached to 
a lower surface of the laminated body, a semiconductor chip on an upper surface of the heat 
sink in the openings of the plurality of plates, and a connector for connecting the semiconductor 
chip to the laminated body, wherein the connector is connected to the bonding pad of the 
laminated body. 

[16] Additional advantages, objects, and features of the invention will be set forth in 
part in the description which follows and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be learned from practice of the 
invention. The. objects and advantages of the .invention may be realized and attained as 
particularly pointed out in the appended claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[17] The invention will be descnbed in detail with reference to the following 
drawings in which like reference numerals refer to like elements wherein: 

[18] Figure 1 is a view showing a fabrication process of a copper coating pattern 
formed plate in accordance with an embodiment of die present invention; 

[19] Figure 2 is a view showing a fabrication process of an inner circuit pattern 
formed plate in accordance with an embodiment of the present invention; 

[20] Figure 3 is a view showing an embodiment of a fabrication process of a first 
nickel/ gold plating on the inner circuit pattern formed plate of Figure 2; 

[21] Figure 4 is a view showing a fabrication process of a lower circuit partem 
formed plate in accordance with an embodiment of the present invention; 

[22] Figure 5 is a view showing a process of forming a laminated body in 
accordance with an embodiment of the present invention; 

[23] Figure 6 is a view showing a process of forming a through hole in the 
laminated body in accordance with an embodiment of the present invention; 

[24] Figure 7 is a view showing an embodiment of a process of coating a solder 
resist on die laminated body of Figure 6; 

[25] Figure 8 is a view showing an embodiment of a process of removing the 
copper coating layer in accordance with the present invention; 

[26] Figure 9 is a view showing an embodiment of a process of forming a window 
in accordance with the present invention; 



[27] Figure 10 is a view showing an embodiment of a process of a second 
nickel/ gold coating in accordance with the present invention; 

[28] Figure 11 is a view showing an embodiment of a process of forming a ball pad 
in accordance with the present invention; 

[29] Figure 12 is a view showing an embodiment of a process of coating a solder 
resist and a process of attaching a heat sink in accordance with the present invention; and 

[30] Figure 13 is a sectional view of an embodiment of a semiconductor package 
completed according to the fabrication process in accordance with the present invention. 

DFTATT.Fn n ESCRIPTION OF PREFERRED EMBODIMENTS 
[31]. A method of fabricating a semiconductor package in accordance with an 
embodiment of the present invention improves the process of lamiaating substrates in fabricating 
a highly integrated package. In this embodiment, a first Ni-Au plating is formed on a bonding 
pad for connection with a semiconductor chip without using a mechanical process or a masking 
operation. This process includes applying a copper plating simultaneously on a through bore and 
a bonding pad, then selectively removing portions of the copper plated layer formed on the 
bonding pad, and then forming a second Ni-Au plating on the bonding pad and a ball pad. This 
process reduces the occurrences of defects due to generation of foreign material which affect 
masking process. 



[32] As shown in Figure 1, first, a plated copper 2 is formed on upper and lower 
sxirfaces of an insulation substrate 1. Alternatively, a copper clad laminate (CCL) with a copper 
foil attached on die upper and lower surfaces of the insulation substrate 1 can be used. 

[33] Thereafter, in order to form a cavity, a central portion of the insulation substrate 
1 is processed to form an opening 1 A. Next, the plated copper formed on the lower surface of 
the insulation substrate 1 is patterned, preferably by etching, to form a plated copper pattern 3 
rendering a plated copper pattern formed plate 4. The opening 1 A can be removed by processing 
the insulation substrate 1 after removing the plated copper 2, or the plated copper 2 and the 
insulation substrate 1 can be simultaneously processed and removed. 

[34] In addition, the insulation substrates 1 (and 1 1, mentioned below) can be made of 
any material having an electrical insulation property. Preferably, the insulation substrates are 
made of glass or a resin material, such as glass epoxy, glass polyimide, bismaleimide triazine resin 
(BT resin), or the like. It is noted for later reference that, as illustrated in Figure 1, the upper 
surface circuit pattern of the plated copper pattern formed plate 4 is called a first-story circuit 
pattern and the lower surface circuit pattern is called a second-story circuit pattern. 

[35]* Figure 2 illustrates a preferred fabrication process of an inner circuit pattern 
formed plate 10, where dae inner circuit pattern formed plate 10 is fabricated separately from the 
plate. copper pattern formed plate 4. As shown in Figure 2, a preferred embodiment of the 
process of fabricating the inner circuit pattern formed plate 10 includes coating a first plated 
copper 12 on the surface of an insulation substrate 11, where a central portion of the insulation 
substrate 11 (with the plated copper 12 coated thereon) is processed to form an opening UA. 
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After forming a second plated copper 13 on the sxirface of the plated copper 12, the second- 
plated copper 13 and the plated copper 12 are patterned, preferably through etching, thereby 
forming an inner circuit pattern 14 in which the second plated copper layer 13 is formed on die 
first plated copper pattern 12. For later reference, it is noted that as illustrated in Figure 2, the 
upper surface circuit of the inner circuit pattern formed plate 10 is called a third-story circuit 
pattern and the lower surface circuit pattern is called a fourth-story circuit pattern. 

[36] Figure 3 illustrates a. fabrication process of a first nickel/gold plating on the inner 
circuit pattern formed plate 10 of Figure 2. As shown in Figure 3, a plating preventing solder 
resist 21 is coated at the inner circumferential surface of the opening llA of the inner circuit 
pattern formed plate 10 and on the upper and lower surfaces of the inner circuit pattern formed 
plate 10, except in thie vicinity of the opening .11 A where die bonding pad 23 is to be formed. 

[37] In order to improve adhesion, a thermosetting solder resist can be optionally 
coated at the upper surface and a photo-curable solder resist can be optionally coated at the lower 
surface of the inner circuit pattern formed plate 10. After the plating preventing solder resist 21 
is coated, a first Ni-Au plating layer 22 can be formed on a portion where the solder resist 21 has 
not been coated, thereby forming a bonding pad 23. 

[38] The first Ni-Au plating layer 22 is preferably formed by electroless deposition Ni- 
Au plating, but can be formed- by any plating method. At this time, the Ni-Au plating 22 is 
formed only on the exposed second plated copper 13 . and not formed on the surface of exposed 
portions of the insulated substrate 1 1 or the surfaces where the solder resist 21 has been coated. 
In addition, since the Ni-Au plating 22 is formed.in order to protect the plated coppers 12, 13, 
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the Ni-Au plating layer 22 is formed as thin as possible. Preferably, the Ni-Au plating layer 22 
is formed with a thickness of about 0.3-^0.7 jjm with the gold plating having a thickness of below 
about 0.3|^, so that the electroless deposition Ni-Au plating can be performing with a total 
thickness of below l\^m. It is noted that although in a preferred embodiment of the present 
invention, a Ni-Au plating layer is formed, any metal material can be used so long as a copper 
plating can be formed on its surface and it is not removed when an etching is performed on the 
copper plating. 

[39] Another substrate can then be prepared and fabricated through the same process 
as that of the inner circuit pattern formed plate 10, as shown in Figure 4. In Figxire 4, the solder 
resist 21 coated at a lower side of the inner circuit pattern formed plate 10 is removed, thereby 
fabricating a lower circuit pattern formed plate 30: 

[40] At this time, a thermosetting solder resist is coated at an upper surface of die lower 
circuit pattern formed plate 30 and a photo-curable solder resist is coated at the lower surface 
thereof, dien only the photo-curable solder resist is removed. Also, as illustrated in Figure 4, the 
upper surface circuit pattern of the lower circuit pattern formed plate 30 is now called a fifth- 
story circuit pattern and the lower surface circuit pattern is called a. sixth-story circuit pattern. 

[41] Next, as illustrated in Figure 5, the plated copper pattern formed plate 4, the inner 
circuit pattern formed plate 10 and the lower circuit pattern formed plate 30 are sequentially 
laminated to align center portions of each of die openings lA, lOA and 30 A. Next, also as 
illustrated in Figure 5, sheets of prepreg 31, which are fibers in an adhesive, are inserted between 
the plates, which in turn are pressed while applying heat thereto adhere the plates together. Other 
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means for laminating , such as adhesive sheets, chemical or mechanical adhesives, etc., can also 
be used. Then, as the prepreg 31 is melted and the plates and prepreg are pressed, each plate is 
attached to form the laminated body 40 having a cavity (C). 

[42] In a preferred embodiment, the solder resists 21 positioned between plates 4, 10 
and 30 are laminated, rather than being completely removed. Also, the prepreg 31 can be 
inserted to be laminated after removing the solder resist 21. In addition, an adhesive tape can be 
used instead of the prepreg 31 to laminate die plates 4, 10 and 30. 

[43] In the laminated body 40, the openings lA, llA and 30A of the plated copper 
pattern forrned plate 4, the inner circuit pattern formed plate 10 and the lower circuit pattern 
formed plate 30, respectively, are formed with different sizes. The opening of cavity in the plated 
copper pattern formed plate 4, positioned at the upper side, is formed to be the largest, while the 
opening 30A of the cavity in the lower circuit pattern formed plate 30, positioned at the lower 
side, is formed to be the smallest with the opening llA in the inner circuit pattern plate 10 being 
formed in a size between the other two openings lA, 30A sizes. 

[44] As illustrated in Figure 6, the laminated body can have a vertical tiirough bore 41 
which is preferably formed mechanically by using a drill. . The through bore 41 can also be 
formed by other mechanical methods or chemical methods as needed. At this time, the through 
bore 41 is formed by penetrating die plates 4, 10 and 30. Next, a third plated copper layer 42 is 
formed on the laminated body 40 with the through bore 41 formed therein. The third plated 
copper layer 42 is preferably formed at the upper surface of the plated copper pattern formed 
plate 4, at the lower surface of the lower circuit pattern formed plate 30 and at the inner 
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circumferential surface of the through bore 41. In this manner, the through hole 43 is formed to 
electrically connect the inner circuit patterns 14, where the third plated copper layer 42 is formed 
at the first-story circuit pattern, at the sixth-story circuit. pattern, at the sxirface of the insulation 
material 1 in the cavity (C), at the surface of the Ni-Au plating layer 22 and inside the through 
hole 43. 

[45] Next, the through hole 43 can be fiUed with a filler 44, preferably a conductive 
paste or a resin, or any other filler that is conductive. Thereafter, any filler 44 that protrudes 
above die first-story circuit pattern can be removed by using a brush or any other means of 
removing the protrusion. 

[46] Figure 7 is a view showing an embodiment of a process of coating a solder resist 
on the laminated body of Figure 6. As shown in Figure 7, a solder resist 51 is coated on the first- 
story circuit pattern on the upper surface of the laminated body 40 and on die sixth-story circuit 
pattern on the lower surface of the laminated body 40. At this time, in preparing to remove the 
third plated copper layer 42 inside the cavity (C) in a follow-up etching process, the solder resist 
51 is not coated inside the cavity (C). 

[47] • Next, the solder resist 51 is partially removed firom the lower surface (the sixth- 
story circuit pattern) of the laminated body 40 and a window 52 is formed thereon. Next, the 
laminated body 40 is preferably soaked in an etching solution for a predetermined amount of time 
to remove portions of the third plated copper layer 42 at the portion where the solder resist 51 
had not been coated is removed. Next, the solder resist 51 is removed, as shown in Figure 8, and 
an outer circuit pattern 61 connected to the through hole 43 is formed at both upper and lower 
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surfaces of the laminated body 40. Also, the fiist Ni-Au plating layer 22 is exposed inside the 
cavity (C). 

[48] Next, as shown in Figure 9, a gold plating resist 63 is coated on an upper surface 
of the outer circuit pattern 61 formed on the upper surface of the laminated body 40, and a 
window 62 is formed exposing a portion of the outer circuit pattern 6 1 . At this time, the window 
62 can be turned into a contact, preferably a ball pad to form a solder ball, for later connection 
to a separate printed circuit board. 

[49] As illustrated in Figure 10, a thermosetting resist 64 is then coated on the lower 
surface . of the laminated body 40. The thermosetting resist 64 improves the adhesion for when 
a heat sink is attached. Also, as shown in Figure 10, a second Ni-Au plating layer 65 is formed 
at the upper surface of the laminated body 40 and at the siorface of the bonding pad 23 formed 
with the first nickel/gold plating layer 22 at the inner circumferential surface of the cavity (C). 

[50] Finally, as shown in Figure 1 1 , when the gold plating resist 63 coated at the surface 
of die laminated body 40 is removed, a ball pad 71, to which a solder ball can be attached, is 
formed, thereby completing a multi-layer substrate 80. Itis notable that the second Ni-Au plating 
layer 65 can be thicker than the first Ni-Au plating layer 22,and xhc total .diickness of both of the 
Ni-Au plating layers can be adjusted as required by the semiconductor package. 

[5 i] Additionally, the fabricated multi-layer substrate 80 of Figure 1 1 , can also be coated 
with a photo solder resist 66 to protect dae circuit at the upper surface of the multi-layer substrate 
80 as shown in Figure 12. The multilayer substrate 80 can also include a solder ball 81 serving 
as a connection terminal, which can be formed at the upper surface of the ball pad 71, as 
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illustrated in Figure 12. Additionally, a metal plate chain heat sink 83 can be attached at the lower 
surface of the multi-layer substrate 100, preferably by using an adhesive 82 to complete a multi- 
layer sub-assembly substrate 100 for assembling a package. 

[52] With the multi-layer sub-assembly substrate 100 supplied as a sub-assembly to a 
•purchaser, as shown in Figure 13, a semiconductor chip 101 can be attached at an upper surface 
of the heat sink 83 inside the cavity (C) and the semiconductor chip 101 and the bonding pads 
23 can be connected, preferably by a gold wire 102. Finally, the cavity (C) can be filled with a 
filler, to complete a semiconductor package (P). 

[53] The method for fabricating a semiconductor package of the present invention has 
■ the following advantages: 

[54] 1) the second Ni-Au plating layer 65 formed at the bonding pad 23 can be used as 
a mask for the copper plating, so that mechanical processes using a separate mask layer and any 
associated organic substance removal processes of the separate mask layers are not necessary. 
Thus, the defects caused by masking and removal processes and their associated generation of 
foreign materials can be resolved. 

[55] The foregoing embodiments and advantages are merely exemplary and are not to. 
be construed as limiting the present invention. The present teaching can be readily applied to 
other types of apparatuses. The description of the present invention is intended to be illustrative, 
and not to limit the scope of the claims. Many alternatives, modifications, and variations will be 
apparent to those skilled in the art. In the claims, means-plus-funcrion clauses are intended to 
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cover the structures described herein as performing the recited function and not only structural 
equivalents but also equivalent structures. 
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